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* Denotes words which appear in the glossary near the end of this newsletter.

Perhaps when we think of leaves we imagine flurries of autumnal colours falling on our head, or maybe the beautifully delicate leaves of our favourite house plant. We are perhaps less likely to think that the spine of a cactus or cunning traps for insects are leaves, but they are.

What do leaves do?

Leaves are really the digestive organs of the plant. A little like solar panels, green plants have the amazing ability to make their own food energy from sunlight, carbon dioxide, water and some essential mineral elements. A green pigment called Chlorophyll* in the leaves (and sometimes the sepals* and stems) allows this to occur during a process known as photosynthesis*; where electrical energy splits water into hydrogen and oxygen: Providing us with oxygen to breathe. Only 1 or 2% of the sun’s energy is captured by a leaf. Animals - which cannot synthesise food - need to eat plants and meat in order to gain enough energy to survive. Sunlight and leaves are probably the two most important aspects of nature.

When is a leaf not a leaf?

Leaves exhibit as much variety as one would find with fingerprints, people, snow flakes or grains of sand on a beach. The place where a plant grows determines its shape, size and method of growth - its growth form*. Just as we adapt to the world around us, by dressing according to the weather; plants from different parts of the world adapt to their surroundings. The cactus spine illustrates the way in which climate can drastically alter the form and function of a living thing. This doesn't happen during the lifetime of one plant, rather, slight changes - known as mutations*- occur by chance over many generations. If the change benefits the plant, then it will be more successful and produce 'stronger' seeds than those plants which didn't change. 

The old man cactus has long thin, white hair-like spines which act as a sun block. In the case of cacti, a heavily swollen green stem with leaves reduced to woody spines is an ideal design for retaining precious water and deterring large herbivores in a fairly hostile environment. This is similar to evergreen trees during winter. Having roots in frozen soil is very much like having roots in desert soil. Holly for example, has thick waxy leaves which help the tree retain water, so it can afford to keep its leaves all year round. But if a deciduous tree didn't shed its leaves, it would lose water from the leaves but be unable to replace it through the roots - it would become dehydrated and die.

Plants and people - ethnobotany

Humans rely heavily on many leaves and their products. Examples include:-

Tea (whose first British appearance was in a London coffee house in 1657); Cabbage (of which there are about 20 cultivated species including kale, broccoli, and brussel sprouts), tobacco, Aloe, nettles (a valuable source of minerals), onions and sea weeds. Leafy vegetables contain few calories and comparatively little protein. In 'developed' countries they tend to be extras to meals, but in China they provide up to half the dietary protein.

We are warmed by burning fossil fuels such as coal - derived from the stems and leaves of ferns and horse tails buried 300 million years ago. Plastics are also derived from fossil fuels. The cool fernery at the Chelsea Physic Garden contains many ferns and horse tails, these plants provided food for herbivorous and omnivorous dinosaurs.

Banana leaves are used for reusable dinner plates, umbrellas and roofing by many people. After all, they tend to grow in places with a marked rainy season, houses need a lot of waterproofing and the shiny banana leaves make a good thatch. 
Culinary herbs make numerous traditions of cookery unique. In India, Basil (Ocimum basilicum) is considered sacred and a mood elevator. The Romans and Ancient Greeks thought that the plant would grow better if it was insulted during sowing and tending. It was first cultivated in Britain in 1548.
There is a plant called Phormium tenax, the New Zealand flax which is used by the Maori people to weave baskets and make grass skirts. It has very long, narrow and thin leaves which are extremely strong. It was introduced in 1789 via Kew by Sir Joseph Banks (a former associate of the Garden).

Can leaves change the weather?

In the forests of the world, up to half of the cloud water above the trees may have come from the forest as evapotranspiration (water loss from the stomata* of the leaves). When it rains back down, the leaves and trunks divert the water towards the roots where it is absorbed. The water makes its way back into the clouds via the trees' veins and leaves. If - either suddenly or gradually - the trees are removed, then the rain is no longer ‘caught’ by the absorbent roots (which also help stabilise the soil and reduce erosion), the forest water cycle is broken and there is a tendency for the top soil and nutrients to be washed away into rivers. This ultimately creates an arid, infertile climate. An example of this occurred in the not too distant past in Pakistan. 

Clever leaves

The floor of a forest tends to be fairly dark, so any plants living beneath the canopy* require special leaves. Some leaves - such as begonias - have a purple coating on their undersides so as to reflect any light passing through them back through the leaf, giving the chlorophyll a second chance to capture what was missed. Other plants, such as the giant edible aroid in marshy parts of Borneo's tropical rain forests, have leaves up to 3 metres across.
If you stand beneath a Horse Chestnut tree in the summer, you will probably notice that there aren't very many patches of daylight coming through. This efficient horizontal leaf arrangement or mosaic allows a plant to use its resources wisely. Horse Chestnut leaves can be used as soap, since they contain saponins. 
The British climate is such that plants try to maximise the light they receive, but this is not the case all over the world. In Australia, where the sun is almost vertical to the Earth and is plentiful, the acacias and eucalyptus trees hold their leaves edgeways to the sun to avoid too much light. 
In wetlands - where soil nutrients are washed away - in addition to photosynthesis, some plants adapt by catching their own protein (building blocks for growth). 
Carnivorous plants have specially adapted leaves which may be sticky, or be shaped in various ways to attract, imprison and digest small insects. The Venus fly trap will only close on its prey when it feels its leaf hairs being touched for the second time within 20 seconds - it can count. 
Aquatic leaves, such as sea weeds and pond weeds require some way of floating near the surface. This is because light cannot penetrate very far downwards. In fact, blue light travels further through water, consequently, sea weeds tend to contain brown and red pigments which absorb light in the blue region of the spectrum rather than chlorophyll.

Studying leaves at the Chelsea Physic Garden.

· The Garden contains many plants from around the world.

· Some of the afore mentioned topics can be talked about whilst looking at and touching the leaves in question.
· Maths and English can be studied by looking at the arrangement and patterns of leaves on different plants. The symmetry, shapes, textures and smells of leaves enable us to take a closer look at, and sort leaves into sets, assigning adjectives to each set. We realise that not all leaves are green and those which are, are not of the same shade.

· Using basic photographic techniques and leaf printing with paint are good artistic ways of looking at venation (leaf vein patterns) and herbivory. Holes in leaves made by small grazing animals show up well with the use of photograms. We are equipped with a darkroom and art materials.
· The tropical corridor contains plants of medicinal and culinary importance from around the world including banana and lemon grass. 
· We can run design & technology sessions using wrapping to compare the tensile strengths of different leaf materials. This introduces the idea of people relying on leaves from day to day.
· We can demonstrate that there are a number of pigments involved in photosynthesis of which chlorophyll is probably the most important (for terrestrial plants). This can be done by carrying out a simple chromatography experiment using ground up leaves, pure alcohol and filter paper. 
· Using a leaf, nail varnish and a microscope, it is also possible to take a closer look at the stomata and estimate how many there are on a single leaf.

Glossary

Chlorophyll - from the Greek chloros = green and phyllon = leaf; it is a complex substance made up of Carbon, Hydrogen, Magnesium and Nitrogen. Its empirical formula is C55H72O5N4Mg. Iron (Fe2+ or Fe3+) is essential for the building of chlorophyll, its absence leads to yellowing leaves, or chlorosis.

Sepal - the protective covering of the flower bud. When young, the sepal is green and photosynthetic. It is often indistinguishable from the petals once the flower opens.

Photosynthesis - the simplified equation for this incredible reaction is: 6CO2 + 6H2O + Sunlight energy = C6H12O6 + 6O2; or Carbon Dioxide + Water + Sunlight energy = Glucose + Oxygen. Some microscopic animals can photosynthesise.

Growth form - the actual appearance of a plant, taking into account both genetic and environmental factors.

Mutation - any change in the structure or amount of the DNA (genetic material) of an organism. Most occur in body cells, but they can do so in sex cells, which means the change can be passed onto the next generation if breeding is successful.

Stomata - the plural of 'stoma', the Greek word for a mouth. These are the tiny pores found (mostly) on the undersides of leaves, allowing Water and Oxygen out of the leaf and Carbon Dioxide in. guard cells on the sides of the stomata control when they open and close. There are approximately 1 million stomata on the underside of an average leaf of a Lime/Linden tree (Tilia spp) - about 25cm2.

Canopy - this refers to the part of a forest which is approximately 30 - 50m above the ground. In a rainforest, it houses most of the creatures including insects, birds, frogs, reptiles and small mammals. A rich food store of flowers, fruits and berries, the canopy also significantly shades the lower layers of the forest.
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